ABSTRACT HUTCHINSON, T. M., R. T. WItALEN, T. M. CLEEK, J. M. VO-GEL, and S. B. ARNAUD. Factors in daily physical activity related to calcaneal mineral density in men. Med. Sci. Sports Exert., Vol. 27, No. 5, pp. 745-75(i, 1995. To determine the factors in daily physical activity that influence the mineral density of the calcaneus, we recorded walking steps and the type and duration of exercise in 43 healthy 26-to 51-yr-old men. Areal (g-cm 2) calcaneal bone mineral density (CBMD) was measured by single energy x-ray densitometry (SXA, Osteon, Inc., Wahiawa, HI). Subjects walked a mean (_+SD) of 7902 ('+_2534)steps per day or approximately 3.9 (+-1.2) miles daily. Eight subjects reported no exercise activities. The remaining 35 subjects spent 143 (2-772) (median and range) min.wk _ exercising. Twenty-eight men engaged in exercise activities that generate single leg peak vertical ground reaction forces (GRF:_) of 2 or more body weights (high loaders, HL), and 15 reported exercise or daily activities that typically generate GRFL less than 1.5 body weights (low loaders, LL). CBMD was 12% higher in HI_, than LL ((I.668 + 0.074 g.cm -2 vs (I.597 +_ 0.062 g.cm -, P < 0.004). In the HL group, CBMD correlated to reported minutes of high load exercise (r = 0.41, P < 0.03). CBMD was not related to the number of daily walking steps (N = 43, r = 0.03, NS). The results of this study support the concept that the dominant factor in daily physical activity relating to bone mineral density is the participation in site specific high loading activities, i.e., for the calcaneus, high calcaneal loads.
we quantified daily physical activity in terms of activities that load the calcaneus.
We selected the calcaneus for bone mineral measurements because of its established sensitivity to loss of mineral during inactivity (5) and its accessibility to the forces applied to it by individual subjects during activity (21).
METHODS

Subjects
Fifty three healthy, 26-to 51-yr-old men consented to participate in a 9-wk study approved by the Human
Official Journalof the American Collegeof Sports Medicine MEDICINEAND SCIENCEIN SPORTSAND EXERCISE the study; however, data from 10 individuals could not be used because of unreliable records of current activity, i.e., invented or unreadable (N = 4), weight loss exceeding 30
Ibs within 6 months prior to the onset of the study (N = 2), and acknowledged large changes in daily exercise patterns during the study compared with the 6-month and 1-yr histories, i.e., completely stopping an exercise program (N = 4).
Methods for Quantifying Physical Activity
Past During the study seven stepmeters were replaced due to damage (N = 4) or loss (N = 3).
The performance of stepmeters was checked by determining the error in stepmeters by 10 subjects who were not part of the study ( Table 1) . The 10 subjects walked on different surfaces and up or down stairs at two or three gait speeds. Except for occasional subject-specific variability in gait, the results were consistent. The median percent error was 1.0% (range = 0.2%-26.6%) for an "all terrain" quarter-mile walk: 9 of the 10 subjects had an absolute error equal to or less than 3.4%.
A 3" × 5" activity and exercise log book was given to each subject on the 1st and 9th week of the study to record all daily activities for 7 consecutive days. i.e., LL and HL recorded during the study be consistent with the subjects' 6-month (taken during week 3) and 1-yr histories (taken during week 1).
Data were stored on a personal computer and analyzed using Primer (6) and Mystat (Systat, Inc., Evanston, IL).
Analyses included standard descriptive statistics (mean, median, standard deviation, and range), analysis of variance (ANOVA), and simple linear correlations. We required a P < 0.05 level for significance.
RESULTS
The anthropometric and physiologic data for the 43 subjects are presented in Table 2 . The main source of quantitative data was the 7-d log card. It provided daily walking steps and information on the date, type, and duration of exercise activity occurring during the week.
The cards were preferred to the detailed pocket log book that provided more information than was needed. Subject compliance, evaluated during weekly interviews, was remarkably good. Only 4 of 53, or 7.5%, of our subjects turned in unreliable records.
Subject Occupations
The subjects lived and worked in the area surrounding NASA Ames Research
Center which is located a few All subjects' 6-month and 1-yr histories were consistent with their 9 wk of selfreported activities.
Types of Physical Activities
The LL group was composed of 15 subjects: 8 subjects reported no exercise and 7 reported only LL exercise as defined previously. Twenty-eight subjects reported HL activity. Twenty-four of the subjects in the HL group also recorded some participation in LL activities. Table 3 
Steps or Walking Load Cycles
The subjects walked an average of 7902 _+ 2534 steps walked per leg per day among all subjects ranged from 1907 to 7819 steps, a fourfold difference (Fig. 1 ). There was no significant difference in daily walking steps between HL and LL groups ( was 199% (± 144%), significantly higher (P < 0.045) than the daily variation computed from a 7-d random sample (coefficient of variation equal to 140% ± 91%).
The mean coefficient of variation computed for weekly variation in all exercise activity was reduced to 80% (_+67%). Considering the HL group separately, the mean coefficient of variation for daily HL exercise was 229%
(± 142%). The weekly variation in minutes in HL activity was 87% (±67%).
Calcaneal Bone Mineral Density
The mcan calcaneal bone mineral density (CBMD) for all 43 subjects was statistically similar on the right and(m the left: 0.643 ± 0.077 and 0.639 _+ (I.080 g.cm -, respectivcly.
The values are the average of all measurements taken of each calcaneus. Right CBMD was not related to thc numbcr of daily walking steps (Fig. 2) or body weight in any of the groups. As shown in Table 2 DALLY PHYSICAL ACTIVITY AND CALCANEAL who reported participation in activities that imparted single leg peak GRF z -> 2 BW than in the 15 subjects who did not. In addition, we found a significant correlation of CBMD to time spent in HL activities.
CBMD did not correlate to number of daily walking steps in all subjects or in either of the two loading groups. 
